With the availability of more sequenced genomes, our understanding of the evolution and 22
demographic history of the model plant Arabidopsis thaliana is rapidly expanding. Here we 23 compile previously published data to investigate global patterns of genetic variation. While 24 the Southeast African accessions were reported to be the most divergent among worldwide 25 populations, we found accessions from Yunnan, China to be genetically close to the 26 sub-Saharan accessions. Our further investigation of worldwide chloroplast genomes 27 identified several deeply diverged haplogroups existing only in Eurasia, and the African 28 populations have lower variation in many haplogroups they shared with the Eurasian 29 populations. Bayesian inferences of chloroplast demography showed that representative 30 haplogroups of Africa exhibited long-term stable population size, suggesting recent selective 31 sweep or bottleneck is not able to explain the lower chloroplast variation in Africa. Taken 32 together, these patterns cannot be easily explained by a single out-of-Africa event. Several 33
Eurasian chloroplast haplogroups had rapid population growth since 10 kya, presumably 34 reflecting the recent expansion of the weedy non-relicts across Eurasia. Our demographic 35 analysis on a chromosomal region un-affected by relict introgression also suggested the 36 European, Central Asian, and Chinese Yangtze populations diverged no earlier than 15 kya, in 37 contrast to previous estimates of 45 kya inferred from whole genome that likely contains 38 relict admixture. The most recent expansion is observed in the Yangtze population of China 39 less than 2000 years ago. Similar to Iberia, the western end of non-relict expansion reported 40 in our previous study, in this eastern end of Eurasia we find clear traces of gene flow 41 between the Yangtze non-relicts and the Yunnan relicts. Genes under strong selection and 42 previously suggested to contribute to adaptation in the Yangtze valley are enriched for traces 43 of relict introgression, especially those related with biotic and immune responses. The 44 results suggest the ability of non-relicts to obtain locally adaptive alleles through admixture 45 with relicts is an important factor contributing to the rapid expansion across the 46 environmental gradients spanning the eastern to the western coast of Eurasia. 48 49 50 Fig. 2b ), suggesting that the chloroplast phylogeny captures more ancient demographic 139 history than the divergence between African and European populations. Indeed, molecular 140 dating with BEAST 12 confirmed that the major chloroplast haplogroups diverged at ca. 227 141 kya (95% highest posterior density 121-340 kya, Supplementary Fig. 6,7) . This considerably 142 predates the inferred divergence time between African and Eurasian nuclear genomes 143 (90-120 kya) 5,6 . 144
The spatial distribution of chloroplast haplogroups is uneven, with several highly 145 diverged haplogroups existing only in Eurasia, and the African population containing only 146 group 2, 3, and 7 ( Fig. 3a) . While Morocco has highest nuclear genomic variation 5 , we 147 observed this only for group 3, where the variation decreases from Morocco northwards ( Fig.  148 3c), suggesting its Moroccan origin and later northward migration. Group 2 is only confined 149 in Iberia and Morocco, with the former having higher variation (Fig. 3b ). The monophyletic 150 clade containing group 5, 6 and 7, on the other hand, has a global distribution with highest 151 variation in Europe, especially the Balkan Peninsula (Fig. 3e ). Therefore, even among the 152 three haplogroups Africa shares with Eurasia, only one of them has African population 153 containing higher variation. In summary, our observation is consistent with both hypotheses 6 Eurasian accessions or (2) a Eurasian origin and dispersal into different regions 156 (southwestern Europe and northwestern Africa, Balkan and Levant, and south Asia), after 157 which most Eurasian nuclear genomic variation was wiped out by the rapidly expanding 158 non-relicpts. 159 160
Demography of chloroplast genomes 161
We further used Extended Bayesian Skyline Plots 13 to investigate chloroplast 162 demographic histories. Haplogroups typical of the Iberian and Moroccan region (group 2, 3, 163 and 4) showed long-term stable population size (Fig. 4) . The Eurasian haplogroups 1 and 5 164 had population size increase since 20 kya, consistent with the post-glacial expansion with 165 the retreat of ice sheet. Interestingly, for the globally distributed group 7, the central Asian 166 group 8, the European group 6W, and the Chinese Yangtze group 6E, all had rapid population 167 size increase since 10 kya, a time point close to the previously inferred rapid expansion of 168 weedy non-relicts 2,14 . In addition, haplogroups 6 and 7 had highest genetic variation near 169 the Balkan Peninsula ( Supplementary Fig. 8c,d ), corresponding to the inferred origin of 170 non-relict expansion 2 . 171 For haplogroups shared by Morocco and Europe (groups 2, 3, and 7), we further 172 investigated their demographic histories separately. While the Morocco population of all 173 three groups still exhibited long-term stable population size ( Supplementary Fig. 9 ), the 174 European group 2 had population size increase since 20 kya (the first post-glacial expansion), 175 and the European group 7 had size increase since 10 kya (the non-relict expansion). Taken 176 together, compared to Europe, the Moroccan population was less influenced by either 177 episode of demographic change, especially the second expansion wave wiping out most 178 nuclear genomic variation across Eurasia 2 . While the fact that Morocco possesses most 179 nuclear genomic variation could be interpreted as an African origin of Arabidopsis thaliana 5,6 , 180 the complex demographic history we showed is an equally likely explanation. 181 182
The eastern end of non-relict expansion 183
While all current and previous 2,14 estimates suggested the non-relicts expanded around 184 10 kya and almost all Eurasian A. thaliana are descendants of this population, some studies 185 estimated the population divergence time between the European, Central Asian, and 186
Chinese non-relict populations to be around 45 kya 5, 6, 8 . While these studies performed the 187 multiple sequentially Markovian coalescent (MSMC) estimates 15 on the whole genome, we 188 wish to note there are clear evidences that non-relict populations across Eurasia had 7 whole genome, in some genomic regions one would be comparing between relicts and 191 non-relicts or two highly diverged relict groups (e.g. between Tanzania and Morocco), 192 9 variation once existed in Africa but was later lost due to strong bottleneck events or 261 selective sweeps favoring a few chloroplast haplogroups. Chloroplast demography, however, 262 shows long-term stable population size in Morocco for all haplogroups ( Supplementary Fig.  263 9), thus not lending strong support to the Moroccan chloroplast bottleneck or sweep 264 scenario. 265
For both the "out of Africa" and the "into Africa" models, the most notable 266 demographic turnover event is the recent replacement of many Eurasian relict populations 267 by the weedy "non-relicts" 1,2 , which expanded along the east-west axis of Eurasia and left 268 more relict genomic fragments in southern and northern Europe. Interestingly, this is 269 supported by an independent study: Exposito-Alonso et al. 18 found that the same alleles 270 increasing survival under extreme drought are enriched in the relict accessions and are 271 concentrated in northern and southern Europe, a pattern predicted by the east-west 272 non-relit expansion. The drastic demographic turnover is also responsible for only few 273 private variants being observed in each regional Eurasian population 5 , which is a logical 274 outcome since most Eurasian genomes descended only recently from a single population 1,2 . 275
Meanwhile, the African population remained relatively isolated from Eurasia and retained 276 much of the ancestral nuclear-genome variation. Therefore, our results suggest that the 277 current patterns of global nuclear-genome variation (Africa containing most variation) is a 278 consequence of non-relicts wiping out most ancient genetic variation in Eurasia 2 , which is 279 compatible with both scenarios about ancient A. thaliana population structure (Fig. 6). 280 While no relict accession was found in northern central Asia, this region is enriched for 281 the ancestral haplotype of the chromosome 1 translocation ( Supplementary Fig 10) , and 282 these ancestral haplotypes form a unique genetic group when comparing to worldwide 283 ancestral haplotypes 2 . In the present study, several Eurasia-only chloroplast haplogroups 284 (group 8, 9, 10) also exist in this region (Fig 3) . We therefore suspect another unique relict 285 group might have existed near this region, which later became very rare or extinct. 286 287
On the recently established Chinese population 288
In the process of rapid expansion, populations in the expansion front constantly 289 encounter novel environments, which may impede the speed and extent of expansion. 290
Hence, how can a population rapidly spread across a wide geographical and environmental 291
range, and what is the source of adaptation to these drastically different environments? We 292 therefore focus on the origin and adaptation of Chinese Yangtze population for the second 293 part of our investigation. We show that the Yangtze population originated no more than 10 2000 years ago and spread rapidly across the basin. Using the properly rooted phylogenetic 295 tree, we showed that Yangtze population belongs to the non-relict group and are genetically 296 the closest to Central Asian non-relicts ( Fig. 1) . 297
Zou et al. 8 performed genome-wide scans for signal of selection in the Yangtze 298 population. Here we also investigated this result in the context of introgression from Yunnan 299 relicts. We found that selected genes are enriched with signs of relict introgression, and 300 genes with both signs of selection and introgression are overrepresented for 301 immune-related functions. On the other hand, selected genes without signs of introgression 302 do not have any significant gene ontology enrichment. Our results therefore suggest, among 303 the various aspects of adaptation to the novel Yangtze River Basin environment, the 304 adaptation to immune-related biotic stress is associated with gene flow with local relicts, 305 which might have co-existed with local pathogens for a long time. Interestingly, for the 306 western end of non-relict expansion in Iberia, relict introgression likely contributed to the 307 adaptation to abiotic factor, as highly introgressed genes in Iberian non-relicts are enriched 308 for GO terms including root development and ion metal transmembrane activity 2 . In the end, 309 how can the non-relicts, a population near the Balkans, occupy such broad environmental 310 gradient spanning more than 10,000 km across Eurasia within 10,000 years? While the 311 mal-adaptation to novel environments in the expansion front may impede non-relict spread, 312 our results suggest non-relicts frequently assimilated the biological distinctiveness of locally 
Patterns of chloroplast and chromosome 1 translocation polymorphism 356
For chloroplast, bi-allelic SNPs of 67 protein coding genes were called using vcftools 25 357 after conversion of fasta alignment format to vcf format in TASSEL 26 . Focusing on bi-allelic 358 sites with no missing data and zero heterozygosity, we identified 760 sites polymorphic 359 within A. thaliana and 2124 fixed between A. thaliana and any one outgroup species. SNPs 360 were identified in chromosome 1 translocation following procedures of previous studies 2, 16 . 361 PCA was done with R package adegenet 27 and visualized with R package ggplot2 28 . 362 12 each chloroplast within each geo-cluster was then estimated by pair-wise genetic distance 29 . 365
To account for uneven sampling, the average genetic variation of 100 resampling trials was 366 obtained for each geo-cluster. For each re-sampling trial, 100 samples were randomly drawn 367 with replacement within each geo-cluster. Groups with less than 3 samples in each geo 368 cluster were ignored. All the calculation and plots were completed in R with customize 369 scripts and package ggplot2 28 . Pie charts were plotted with R package ggplot2 28 as well. collapsed ML tree of 426 unique chloroplast haplotypes was constructed as described 386 previously and served as starting tree for BEAST after it was converted ultrametric and had 387 the node ages fit within constraints of calibration points using R package ape 33 . Three 388 calibration points estimated in previous studies 7,11 were adopted, the root height 389 Relative cross coalescence rate was estimated using MSMC v2 15 . Sequences of 420 chromosome 1 translocation (Chr1:20271447-21032307) were used as input. Generation 421 time was set at 1 year and mutation rate of 7.1 x 10 -9 was assumed according to previous 422 studies 
